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Abstract
Two vector–like families QL,R = (U,D,N,E)L,R and Q
′
L,R =
(U ′,D′, N ′, E′)L,R with masses of order 1 TeV, one of which is a dou-
blet of SU(2)L and the other a doublet of SU(2)R, have been predicted
to exist, together with the three observed chiral families, in the con-
text of a viable and economical SUSY preon model. The model itself
possesses many attractive features which include explanations of the
origins of (i) diverse mass–scales, (ii) family–replication, (iii) protec-
tion of the masses of the composite quarks and leptons compared to
their compositeness scale and (iv) inter–family mass–hierarchy. The
existence of the two vector–like families – a prediction of the model –
turns out to be crucial especially for an explanation of the inter–family
mass–hierarchy (IFMH). Given the simplicity of the explanation, the
observed IFMH in turn appears to us to be a strong hint in favor of
the existence of the two vector–like families.
This paper is devoted to a detailed study of the expected masses,
mixings and decay modes of the fermions belonging to the two vector–
like families, in the context of the SUSY preon model, with the inclu-
sion of the renormalization–effects due to the standard model gauge
interactions. Including QCD renormalization–effects, the masses of
the vector–like quarks are expected to lie in the range of 500 GeV to
about 2.5 TeV, while those of the vector–like leptons are expected to
be in the range of 200 GeV to 1 TeV. Their mass pattern and decay
modes exhibit certain distinguishing features and characteristic sig-
nals. For example, when the LHC and, possibly a future version of
the SSC are built, pair–production of the vector–like quarks would
lead to systems such as (bb+4Z +W+W−) and (bb+2Z +W+W−),
while an e−e+ linear collider (NLC) of suitable energy can produce
appreciably a single neutral heavy lepton N together with ντ , followed
by the decay of N into (Z + ντ )→ (e−e+) + ντ . This last signal may
conceivably materialize even at LEP 200 if N is lighter than about
190 GeV
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I. Introduction
Searches for the Higgs bosons and supersymmetry – related directly and/or
indirectly to electroweak symmetry breaking – are among the commonly cited
motivations, deservedly so, for the building of the hadronic colliders like the
LHC, a future version of the now extinct SSC, as well as the next e−e+ linear
collider NLC. The discovery of the Higgs boson(s) will clearly shed light on
the problem of electroweak symmetry breaking and thereby on the origin of
the masses of W and Z, while that of supersymmetry will provide assur-
ance on the common understanding of the gauge–hierarchy problem. But by
themselves, none of these discoveries would shed light on an understanding
of the inter–family mass–hierarchy (IFMH) and therefore on the origin of
the masses of the quarks and the leptons, of which all matter is made. As
regards this last issue, while there are a few explanations, we believe that
there is a particularly simple one which deserves attention. For this simple
explanation of the IFMH to hold, there must exist two “vector–like” quark–
lepton families QL,R and Q
′
L,R with masses of order 1 TeV, where QL,R couple
vectorially –i.e., in a parity conserving manner–to WL’s, while Q
′
L,R couple
vectorially (assuming a left–right symmetric gauge theory) to WR’s.
As it turns out, two such vector–like families and the associated fermion
mass matrix, providing an explanation of the IFMH, arise in a compelling
manner in a supersymmetric preon model [1-3]. Since a search for these
two vector–like families need facilities like the SSC and the LHC, by way of
emphasizing the dire need for the building of such accelerators, we first recall
the essential role which these two families play in providing an explanation
of the inter–family mass hierarchy. The main purpose of the paper is to spell
out the expected properties of these two families – i.e., their masses, mixings
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and decay modes – in some detail. These should facilitate their search, if
and when the LHC, a possible new version of the SSC and/or the NLC are
built.
Before proceeding further, it is useful to recall one crucial distinction
between the chiral and the two vector–like families. Since QL and QR couple
symmetrically to SU(2)L×U(1)Y gauge bosons, the mass term (QLQR+h.c)
and likewise (Q
′
LQ
′
R + h.c) preserve SU(2)L × U(1)Y . In a class of models,
the masses of these vector–like families, protected by additional symmetries
(see below), turn out naturally to be of order 1 TeV, rather than being of
order Planck mass or some other superheavy scale. Because their masses are
SU(2) × U(1)–symmetric, however, the oblique parameters S, T and U [4],
or equivalently ρ (or ǫ1) and ǫ3 [5] do not receive contributions from these
vector–like families, in the leading approximation. As a result, the prevailing
set of measurements of the electroweak parameters, despite their precision,
are not sensitive enough to the existence of vector–like families [6]. This is
unlike the case of a fourth chiral family which is slightly disfavored and a
technicolor family which seems to be excluded (at least in its simple form) by
the measurement of the S, T and U–parameters. This leads one to infer that
if new families beyond the three are yet to be found, they are more likely to
exhibit vectorial rather than chiral couplings to WL’s and WR’s (at least in
their canonical forms before Q−Q′ mixings) [6].
The reason why we take the possible existence of two vector–like families
QL,R = (U,D,N,E)L,R and Q
′
L,R = (U
′, D′, N ′, E ′)L,R with masses of order
1 TeV seriously is two–fold. First of all, as mentioned above, they arise as a
compelling prediction of a SUSY composite model [1], which seems to possess
many attractive features. These include an understanding of (a) the origin of
family replication [2], (b) protection of the masses of composite quarks and
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leptons, compared to their compositeness scale [7], and (c) the origin of the
diverse mass scales–from MPlanck to mν [1]. In addition, the model provides
several testable predictions [1-3], by which it can be excluded, if it is wrong.
Second of all, the existence of the two vector–like families is found to
be crucial in the model to the very origin of the masses of the three chiral
families and simultaneously, to an understanding of the inter–family mass–
hierarchy. Both features turn out to have their origin [1,3] in a spontaneously
induced see–saw pattern for the 5 × 5 mass matrix of the three chiral and
the two vector–like families, in which the direct mass terms of the three
chiral families m(0)(qiL → qjR) vanish naturally owing to underlying symme-
tries of the theory, barring small corrections that are less than or of order
1 MeV. Although the compositeness scale is determined on various grounds
to be around 1011 GeV , owing to protection by a chiral symmetry (which is
the non–anomalous R–symmetry), the two vector–like families turn out to
acquire masses of order only 1 TeV. The chiral families acquire masses pri-
marily only by their mixings with the two vector–like families. One general
consequence of such a mass–matrix, which follows simply from its rank, (see
details later), is that one linear combination of the three chiral families, is
guaranteed to remain massless, barring corrections of order 1 MeV, which
is thus identified with the electron family. At the same time, the heaviest
chiral fermion (top) acquires a mass of nearly 100-170 GeV and the masses
of the fermions belonging to the muon family lie intermediate in the range of
100-1500 MeV [3]. In this way, the see-saw mass pattern of the type gener-
ated in the SUSY composite model provides s simple resolution of the puzzle
of inter–family mass–hierarchy. In particular, it explains the large hierarchy
between me and mt. Since such a pattern would not be possible without the
two vector–like families, the observed inter–family hierarchy seems to be a
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strong hint in favor of the existence of two such families with masses of order
1 TeV. (In the sequel, it will be clear as to why their number will have to be
precisely two–no less and no more).
Due to the mixing of the chiral with the two vector–like families the
model suggests [3,1] a sizeable strength of ∆m(D −D) and observable rates
for µ→ 3e and especially for t→ Zc. Such mixings also lead to a lengthening
of the tau lifetime and simultaneously to a correlated small decrease in the
LEP neutrino counting Nν from 3 [6]. Barring these small indirect effects,
these new families can, of course, be discovered only provided machines like
the SSC and the LHC and possibly TeV–range e+e− colliders are built.
With this in view, we spell out certain characteristics of the two vector–
like families–i.e., their expected masses, mixings and decay modes in the
context of Ref. 1-3. These turn out to possess some rather unexpected
and interesting features because of the see–saw pattern of the fermion mass–
matrix on the one hand and the differing renormalization group effects on
the entries in the mass matrix involving QL,R as opposed to those involving
Q′L,R, on the other hand. The differences in the renormalization effects arise
because QL,R couple to WL and Q
′
L,R do not. Among the characteristic
signals, we find that the production and subsequent decays of certain pairs
of the heavy quarks would give rise to systems such as bb + 4Z + 2W and
bb + 2Z + 2W . With the Z–boson decaying via charged lepton pairs, these
decay modes would provide distinctive signals and would thereby facilitate
the search for these new vector–like families, at future hadronic colliders.
An additional intriguing signal is the single production of a neutral heavy
lepton (N) together with ντ in an e
+e− machine of appropriate energy, fol-
lowed by the decay of of N into (ντ + Z) → (ντ + e+e−). This last signal
may even be visible at LEP 200 if N is lighter than about 190 GeV.
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II. Masses and Mixings of the Vector–Like Fam-
ilies
The masses of the five–family system – three chiral (qiL,R) and two vector–like
(QL,R and Q
′
L,R) – arise as follows. (For details we refer the reader to Ref. 1
and 3.)
It is assumed that as the asymptotically free metacolor force becomes
strong at a scale ΛM ∼ 1011 GeV (this corresponds to an input effective cou-
pling αM ≃ 1/27 near the Planck scale), it forms a few SUSY–preserving and
also SUSY–breaking condensates. Among the latter are the fermionic con-
densates consisting of the metagaugino pair
〈
~λ.~λ
〉
and the preonic fermion
pairs
〈
ψ
f
ψf
〉
f=u,d
and
〈
ψ
c
ψc
〉
c=(r,y,b),l
, where f and c denote the flavor and
the color attributes of the preons [1]. Noting that in the model under consid-
eration, a dynamical breaking of SUSY would be forbidden in the absence of
gravity, owing to the Witten index theorem [8], it has been argued that each
of these fermion condensates which happen to break SUSY, must be damped
by (ΛM/MP l) [7], so that they would vanish in the absence of gravity (i.e.,
in the limit of MP l →∞). Thus, one has:
〈
ψ
a
ψa
〉
= aψaΛ
3
M(ΛM/MP l)〈
~λ.~λ
〉
= aλΛ
3
M(ΛM/MP l) (1)
a = u, d, r, y, b, l. The coefficients aλ and aψa are apriori expected to be of
order unity, although aλ is expected to be bigger than aψa by a factor of
3 to 10 (say), because λ’s are in the adjoint and ψ’s in the fundamental
representation of the metacolor group. One can argue that even a bosonic
condensate < φ∗φ >, if it forms, would be damped by powers of (ΛM/MP l)
[7].
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Given these fermionic condensates, the vector–like families Q and Q′ ac-
quire relatively heavy Dirac masses O[aλΛM(ΛM/MP l)] ∼ O(1 TeV ) through
the metagaugino condensate
〈
~λ.~λ
〉
, which does not distinguish between up
and down flavors and between quarks and leptons. Owing to extra symme-
try associated with the composite chiral families (qiL,R), however, their direct
mass–terms m
(0)
dir(q
i
L → qjR) cannot be induced through either
〈
~λ.~λ
〉
or
〈
ψψ
〉
.
These receive small contributions through e.g., products of chiral symmetry
breaking
〈
ψψ
〉
and bosonic 〈φ∗φ〉 condensates, which are thus damped by
(ΛM/MP l)
2 and are ≤ O(1 MeV ).
The chiral families (especially the µ and the τ–families), acquire their
masses almost entirely through their off–diagonal mixings with the vector–
like families, which are induced by the
〈
ψψ
〉
– condensates. As a result, the
mass matrices for the five–family system (barring electroweak corrections and
m
(0)
dir ≤ 1 MeV ) have the following form at ΛM [1-3]:
M
(o)
f,c =


qiL QL Q
′
L
qiR O Xκf Y κc
QR Y
′†κc κλ O
Q′R X
′†κf O κλ

 . (2)
Here f = u or d and c = (r, y, b) or l, thus this form of the mass matrix
applies to four sectors qu, qd, l and ν. The superscript i = 1, 2, 3 runs over
three chiral families. The entries X, Y,X ′ and Y ′ are column matrices in the
space of these three chiral families with entries of order unity. In the above
κλ ≡ O(aλ)ΛM(ΛM/MP l) ∼ O(1 TeV ); κf,c ≡ O(aψf,c)ΛM(ΛM/MP l) =
[O(aψf,c)/O(aλ)]κλ. Following remarks made above, we expect
κf,c = O(1/3 to 1/10)κλ. Thus the Dirac mass matrices of all four sectors
have a natural see–saw structure, and the two vector–like families acquire
7
masses ≃ κλ ∼ O(1 TeV ), while the three chiral families acquire lighter
masses ∼ (XiY ′∗i +X ′∗i Yi)(κfκc/κλ)≪ κλ at ΛM [3].
In the absence of electroweak corrections, which are typically of order
(1–10)%, we have X = X ′ and Y = Y ′. Furthermore, the same X, Y and
κλ apply to all four sectors: qu, qd, l and ν. A still further reduction in
effective parameters is achieved by rotating the chiral fields qiL and q
i
R so
that without loss of generality the row matrices Y T = Y ′T can be brought to
the simple form (0, 0, 1) and XT = X ′T can be brought to the form (0, p, 1)
with redefined κf and κc. One can argue plausibly on the basis of preon–
diagram that p is less than one, but not very much smaller than one–i.e,
p ≈ 1/2 to 1/10 is reasonable.
Given these rotated forms of X and Y , it is clear that one family is
massless, barring corrections of order 1 MeV which arise from the direct
mass terms. This one is identified with the electron–family. The masses of
the muon–family, evaluated at ΛM are given by (m“µ′′)
f,c ≃ (p2/2)(κfκc/κλ),
while those of the tau family are given by (m“τ ′′)
f,c ≃ 2(κfκc/κλ). The µ/τ
mass ratio is thus given by p2/4. For a value of p ≈ 1/3 to 1/4 (say), which
is not too small and reasonable, one thus obtains a large hierarchy in the µ/τ
mass-ratio of about 1/40 to 1/64, as observed. In this way, the 5 × 5 see-
saw mass-matrix, with the approximate zeros dictated by the symmetry of
the theory, provides a very simple explanation of the inter–family hierarchy:
mu,d,e ≪ mc,s,µ ≪ mt,b,τ with me ∼ O(1MeV ) and mt ∼ O(100GeV ). In
particular, it explains why (me/mt) is small (∼ 10−5). The role of the two
vector–like families is, of course, crucial to obtain such an explanation. This
is the reason why we expressed in the introduction that the two vector–like
families may hold the key to an understanding of the inter–family hierarchy.
In the present note, we are primarily concerned with the masses, mixings
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and decay modes of the two heavy families. For this it is necessary to retain
their mixing at least with the tau family. For the sake of simplicity, we will
ignore their mixings with the lighter electron and the muon families. This
is, of course, a very good approximation, especially for the electron family.
Even for the muon family, the µ−Q mixing angle is smaller than the τ −Q
mixing angle by the factor of p ≈ 1/3 to 1/4 [3].
Thus, ignoring the mixings with the e and the µ–families, which are
defined only after the transformation of the X and Y –matrices to the simple
forms as mentioned above, the truncated 3 × 3 mass matrix of the tau and
the two vector–like families, evaluated at ΛM , is given by
Mˆ
(o)
f,c =


qτL QL Q
′
L
qτR O κf κc
QR κc κλ O
Q′R κf O κλ

 . (3)
Noting that we expect (κf,c/κλ) = O(1/5 to 1/10), if we block–diagonalize
this matrix to remove the q−Q and q−Q′ entries, the τ–family would acquire
a mass ≈ 2κfκc/κλ (as mentioned before), while the 2 × 2 sector involving
(Q,Q′) would have a symmetrical mass-matrix with two equal diagonal ele-
ments (κλ + (κ
2
f + κ
2
c)/2κλ) and off-diagonal elements (κfκc/κλ) (to leading
order in κf,c/κλ). From this, it would appear that the two heavy eigen-
states would be given essentially by (Q±Q′)/√2 corresponding to maximal
mixing (barring small admixtures of tau family in each case). This is, how-
ever, greatly distorted due to electroweak renormalizations which distinguish
between QL,R and Q
′
L,R, to which we now turn.
We evaluate the running of the electroweak and QCD coupling constants
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g1,2,3 in the regime spanning from ΛM ≈ 3 × 1011 GeV to 1.5 TeV, using
renormalization–group equations. In this regime, 3 chiral and two vector–
like families, the two Higgs–like multiplets and their superpartners contribute
to the β–functions. We use the familiar expressions for the mass–corrections–
i.e. [9],
[m(Q)/m(ΛM)] = Π[g
2
i (Q)/g
2
i (ΛM)]
bm
i
/2bi (4)
where bi and b
m
i are the coefficients that appear in the βi and γi functions
respectively,
bi =
1
16π2
[
−11
3
t2(V ) +
2
3
t2(F ) +
1
3
t2(S)
]
(5)
bmi =
3
8π2
C2(R).k (6)
with C2(R) = (N
2 − 1)/(2N) for SU(N), while C2(R) = y2 for U(1), where
y is the normalized hypercharge. The factor k is 2/3 (1) for a SUSY (non-
SUSY) gauge theory. The bi’s are given by
b3 =
1
16π2
, b2 =
5
16π2
, b1 =
(53/5)
16π2
(7)
bm3 =
1
4π2
(
4
3
)
, bm2 =
1
4π2
(
3
4
)
. (8)
bm1 can take seven different values depending upon the hypercharges of the
external pairs of fermions. Denoting these seven values of bm1 by aˆj ≡
(aj/4π
2) (j = 1− 7), the values of the aj’s for the relevant pairs of fermions
are listed below:
a1(URtL, URUL, DRbL, DRDL) =
1
6
.
1
6
.
3
5
=
1
60
a2(tRU
′
L, U
′
RU
′
L) =
2
3
.
2
3
.
3
5
=
4
15
a3(U
′
RtL, bRD
′
L, D
′
RD
′
L) =
(−1
3
)
,
(−1
3
)
.
3
5
=
1
15
10
a4(bRDL, D
′
RbL) =
1
6
.
(−1
3
)
3
5
= − 1
30
a5(ERτL, NRντL, NRNL, EREL) =
(−1
2
)
.
(−1
2
)
.
3
5
=
3
20
a6(τREL, E
′
RτL) =
(−1
2
)
. (−1) .3
5
=
3
10
a7(E
′
RE
′
L) = (−1) . (−1) .
3
5
=
3
5
(9)
The factor 3/5 is the usual normalization factor for the hypercharge y.
The mass renormalization group parameters ηc, ηL, η1,2,3,4,5,6,7, (correspond-
ing to SU(3)C , SU(2)L and U(1)Y ) are defined as
ηc =
[
g23(1.5 TeV )
g23(ΛM)
]−bm
3
/2b3
ηL =
[
g22(1.5 TeV )
g22(ΛM)
]−bm
2
/2b2
ηi =
[
g21(1.5 TeV )
g21(ΛM)
]−aˆi/2b1
, i = 1− 7 . (10)
To evaluate these factors, we choose as input values g21(MZ) = 0.2136, g
2
2(MZ) =
0.4211, g23(MZ) = 1.4828, corresponding to the values of α = 1/127.9, sin
2θW =
0.2333 and α3 = 0.118 measured at MZ at LEP [10]. With three chiral and
two vector–like families along with two Higgs multiplets and all their su-
perpartners contributing to the β and γ functions in the energy regime 1.5
TeV to ΛM , the gauge couplings at ΛM = 3 × 1011 GeV are evaluated to be
g21(ΛM) = 0.5163, g
2
2(ΛM) = 0.8192, g
2
3(ΛM) = 1.5958 [11]. Using (7)-(10),
the resulting η factors are thus given by
ηc = 2.39, ηL = 1.23, η1 = 1.003, η2 = 1.043
η3 = 1.011, η4 = 0.995, η5 = 1.024, η6 = 1.049, η7 = 1.1. (11)
As expected, QCD renormalization effect denoted by ηc is large. That due to
SU(2)L, denoted by ηL, is significant. Note, however, that the renormaliza-
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tion factors due to the hypercharge interaction given by η1− η7 are typically
rather small, differing from unity by 1 to 10%.
In addition to the renormalization group running from ΛM to the weak
scale, the mass parameters will also receive QCD and electroweak radiative
corrections at ΛM , which lead to differences between X and X
′ and between
Y and Y ′ (see eq. (2)). These corrections are typically of the order of
5-10%, which are to be compared with the renormalization effects due to
running given in eq. (11). Note that the SU(2)L running factor ηL is much
bigger than these preonic corrections at ΛM , while the hypercharge running
corrections are of similar magnitude. In what follows, we shall neglect the
corrections arising from the preon diagrams, which should represent a good
approximation for the masses and mixings involving the top family and the
vector–like families. (These corrections at ΛM do play an important role for
the masses and mixings involving the e and the µ families, see Ref. 3.)
Inserting the renormalization factors into (3), the 3 × 3 sector of the
up, down and charged lepton mass matrices involving the tau and the two
vector–like families take the form
Mup =


tL UL U
′
L
tR 0 κuη3 κrη2
UR κrηLη1 κληLη1 0
U
′
R κuη3 0 κλη2

ηc (12)
Mdown =


bL DL D
′
L
bR 0 κdη4 κrη3
DR κrηLη1 κληLη1 0
D
′
R κdη4 0 κλη3

ηc (13)
12
M+lepton =


τL EL E
′
L
τR 0 κdη6 κlη7
ER κlηLη5 κληLη5 0
E
′
R κdη6 0 κλη7

 . (14)
In the neutral lepton sector, since ντR becomes superheavy (mντR ∼ ΛM ∼
1011 GeV ) [1,3,12], the corresponding mass matrix is a 2×3 matrix given by
M0lepton =


ντL NL N
′
L
NR κlηLη5 κληLη5 0
N
′
R κu 0 κλ

 . (15)
Since κf,c ≪ κλ, the mass matrices of eq. (12-15) can be diagonalized by
using the see–saw formula. The light mass eigenvalues corresponding to the
chiral quarks and leptons of the tau family are given by
mt ≃ 2κuκr
κλ
ηcη3, mb ≃ 2κdκr
κλ
ηcη4
mτ ≃ 2κdκl
κλ
η6, mντ ≃ 0 . (16)
The 2 × 2 mass matrix corresponding to the heavy vector–like fermions
in the up sector is given by
MUH =


UL U
′
L
UR ηLη1(1 +
κ2r
2κ2
λ
) + κ
2
u
2κ2
λ
η2
3
η1ηL
κuκr
2κ2
λ
η3
(
ηLη1
η2
+ η2
η1ηL
)
U
′
R
κuκr
κ2
λ
η3 η2(1 +
κ2r
2κ2
λ
) + κ
2
u
2κ2
λ
η2
3
η2

ηcκλ (17)
Although the basis vectors in (17) are slightly different from those in (12),
we use the same symbols. The analog mass–matrix for the down sector of
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the heavy fermions is obtained from the above by the replacement (η3 →
η4, η2 → η3, κu → κd). The charged lepton matrix is obtained from eq. (17)
by the replacement (ηc → 1, κr → κl, κu → κd, η1 → η5, η2 → η7, η3 → η6).
In the neutral lepton sector, the squared mass matrix corresponding to the
(NR, N
′
R) fields is given by
M0leptonM
0†
lepton =
(
(κ2l + κ
2
λ)η
2
Lη
2
5 κlκuηLη5
κlκuηLη5 κ
2
λ + κ
2
u
)
(18)
The mass eigenvalues of the heavy fermions are obtained from the above:
MU1 ≃ κληc
[
ηLη1(1 +
κ2r
2κ2λ
) +
η23
η1ηL
κ2u
2κ2λ
]
MD1 ≃ κληc
[
ηLη1(1 +
κ2r
2κ2λ
) +
η24
η1ηL
κ2d
2κ2λ
]
MU2 ≃ κληc
[
η2(1 +
κ2r
2κ2λ
) +
η23
η2
κ2u
2κ2λ
]
MD2 ≃ κληc
[
η3(1 +
κ2r
2κ2λ
) +
η24
η3
κ2d
2κ2λ
]
MN1 ≃ κληLη5
[
1 +
κ2u
2κ2λ
η2Lη
2
5
η2Lη
2
5 − 1
− κ
2
l
2κ2λ
1
η2Lη
2
5 − 1
]
ME1 ≃ κλ
[
ηLη5(1 +
κ2l
2κ2λ
) +
η26
η5ηL
κ2d
2κ2λ
]
MN2 ≃ κλ[1−
κ2u
2κ2λ
1
η2Lη
2
5 − 1
+
κ2l
2κ2λ
η2Lη
2
5
η2Lη
2
5 − 1
]
ME2 ≃ κλ
[
η7(1 +
κ2l
2κ2λ
) +
η26
η7
κ2d
2κ2λ
]
. (19)
It is easy to verify that U1 and D1 contain primarily the SU(2)L–doublet
Q–fermions with a small admixture of SU(2)R–doublets Q
′, while U2 and
D2 contain primarily Q
′ with a small admixture of Q. Since MU,D,EH are
not symmetric, there will be in general two mixing angles, one for the left–
handed sector and one for the right–handed sector. Note, however, that if
one neglects the small corrections due to hypercharge interactions η1 − η7
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and keeps only the lowest order terms in ǫL, where ηL ≡ 1 + ǫL, the above
matrices become symmetrical. In this approximation (which should be close
to the true scenario, since the neglected terms are only of order 5% or so),
the (symmetric) mixing angles for the charged fermion sectors are given by
tan2θU,D ≃ 2κu,dκr
κ2λ(ηL − 1)
tan2θE ≃ 2κdκl
κ2λ(ηL − 1)
. (20)
The mass eigen–states (U1)L,R and (U2)L,R are given by
(U1)L,R = cosθUUL,R + sinθUU
′
L,R
(U2)L,R = −sinθUUL,R + cosθUU ′L,R (21)
and likewise (D1,2)L,R and (E1,2)L,R.
Note that the mixing in the up–sector of the heavy quarks denoted by θU
is proportional to κu and hence is large, while in the down sector, the mixing
angle θD and θE are proportional to κd; they are consequently small (since
κd/κu ≈ mb/mt ≪ 1).
The mixing angle for the right–handed neutral leptons (NR, N
′
R) is
tan2θRN ≃
2κuκlηL
κ2λ(η
2
L − 1)
. (22)
In the left–handed neutral lepton sector, the mixing is somewhat more
complicated, due to the fact that ντL −NL mixing is not negligible. Starting
from eq. (15), we obtain the exact orthogonal matrix V νL which transforms
the gauge eigenstate (νgL) to the mass eigenstate via ν
m
L = V
ν
L ν
g
L, where
V νL =

 c1 −c2s1 −s1s2c3s1 c1c2c3 + s2s3 c1c3s2 − c2s3
−s1s3 −c1c2s3 + c3s2 −c2c3 − c1s2s3

 . (23)
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Here si = sinθi, ci = cosθi with
tanθ1 =
√
κ2u + κ
2
l
κλ
, tanθ2 =
κu
κl
tan2θ3 =
2κuκlκλ
√
κ2λ + κ
2
u + κ
2
l (η
2
Lη
2
5 − 1)
(κ2u + κ
2
l η
2
Lη
2
5)(κ
2
l + κ
2
u + κ
2
λ)− κ2λ(κ2l + η2Lη25κ2u)
≃ 2κuκl
κ2l − κ2u
. (24)
Since κu,l ≪ κλ, the mixing angle θ1 is small (O(1/5 to 1/10), say); but θ2
and θ3 can be relatively larger, since κu and κl are expected to be comparable
within a factor of two (say). Note that θ2 ≃ θ3.
To have a feel for the numerical values of the masses and the mixing
angles that are relevant to the heavy families, we need to know the effective
parameters which enter into the fermion mass–matrix. Talking of these, note
that the full 5×5 mass–matrices (eq. (2)) of the four sectors – i.e., u, d, l and
ν – which in general could involve 100 parameters, even if they are all real,
are essentially determined (barring electroweak corrections and m
(0)
dir which
are important only for the light families) by just six effective parameters:
p, κu, κd, κr, κl and κλ. These successfully describe the gross features of the
masses of the known fermions – in particular their magnitudes and the inter–
family hierarchy [3]. In fact, even these few parameters are not completely
arbitrary (unlike in the case of an elementary Higgs–picture) in that we know
apriori their approximate values to within a factor of 10, say. For example, as
mentioned above [1,3], we expect that κλ = O(aλΛM(ΛM/MP l)) ∼ O(1 TeV )
and that (κf,c/κλ) ≈ 1/3 to 1/10, while 1/10 < p < 1/2 (say).
Guided in part by the expected order of magnitude of these parameters
and their ratios as mentioned above and by the observed masses of the muon
and the tau–families, we are led to the following values for certain ratios of
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these parameters:
(κr/κl) ≈ 0.9 to 1 (25a)
(κd/κu) ≈ 1
40± 10 (25b)
(κl/κλ) ≈ 1/3 (25c)
κuκr
κλ
≈ (26 to 33) GeV . (25d)
These values are arrived at as follows [See Ref. 3, a more detailed discussion
will be presented elsewhere]. The ratio (κr/κl) is obtained from (mb/mτ )
including QCD and electroweak renormalization effects, and (κd/κu) is ob-
tained from (mb/mt) (see below). The ratio (κl/κλ) is obtained utilizing
corrections of order (κl/κλ)
2 to the leading see–saw contribution to mτ (see
Eq. (7) of Ref. 3) and optimizing the choice of parameters consistent with
their expected ranges so as to obtain a reasonable fit to (mµ/mτ ) within
10%, with the inclusion of electroweak corrections [Ref. 3]. Finally, the
ratio (κuκr/κλ) given by (25-d) is obtained by using the fact that internal
consistency of the model requires mt(phys) <∼ 160 GeV [3,13].
Using (25-a) and (25-c) we obtain
(κr/κλ) ≈ 0.33 (25e)
which, combined with (25-d), yields κu ≈ (76−100) GeV . Allowing for some
uncertainty in (κl/κλ) which affects κu, we take
κu ≈ (40− 100) GeV . (25f)
This still leaves κλ undetermined (although its order of magnitude is known).
We observe that the “number” of light neutrinos measured at LEP places
an upper limit on (κu/κλ). Owing to ντ − N ′ mixing, the model yields
[6]: Nν = 2 + [1 − 2(κu/κλ)2]. Comparing with the observed value [10]
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Nν = 2.99±0.03, we get (κu/κλ) <∼ 1/7 for Nν >∼ 2.96. Allowing for agreement
within two standard deviations on the one hand and following our general
expectations for (κu/κλ) mentioned above, on the other hand, we take:
(κu/κλ) ≈ 1/5 to 1/10 . (25g)
Values of (κu/κλ) near 1/10 can be probed if Nν can be measured with an
accuracy of 0.01 to 0.02. For the present, using (25-f and g), we get
κλ ≈ (1 to 2)(200− 500) GeV
≈ (200 GeV − 1 TeV ) . (25h)
To have a feel for the masses and mixing angles, consider a representative
set of values:
κλ ≈ 575 GeV, κu/κλ = 1/6, κd/κu ≃ 1/40
κr/κλ ≈ 1/3, κl/κλ ≈ 1/3 (26)
This yields [9,13]
(mt, mb, mτ )1.5 TeV ≃ (135, 3.4, 1.5) GeV
(mt, mb, mτ )phys ≃ (157, 4.7, 1.7) GeV (27)
U1 ≃ 1814 GeV N1 ≃ 765 GeV
D1 ≃ 1787 GeV E1 ≃ 763 GeV
U2 ≃ 1504 GeV N2 ≃ 581 GeV
D2 ≃ 1465 GeV E2 ≃ 667 GeV (28)
θU ≃ 1/5, θD ≃ 1/210, θE ≃ 1/140
θRN ≃ 1/10.6, tanθ1 ≃ 1/2.7, tanθ2 ≃ 1/2 , tanθ3 ≃ 1/2.6 . (29)
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There are corrections of order 10% to these numbers arising from the mixing
of the top and vector–like families with the lighter e and µ families, but they
can be neglected for our present purpose.
While the precise values of the masses and the mixing angles depend upon
the specific choice of parameters given by (26), which in general could vary
within the range indicated in (25 a-h), a few qualitative features would still
remain which are worth noting:
(1) It is clear that the mixing angles θD and θE are tiny (∼ 10−2) while
those in the up–sector, including neutrino–members, are appreciable. This
is simply because κd/κu ∼ 1/40 and thus κd/κλ <∼ 1/240.
(2) Given that θD ≪ 1 and θU ≈ 1/5, it follows from (21) that D1 and
even U1 are mostly composed ofQ–fermions which are SU(2)L–doublets while
U2 and D2 are mostly composed of Q
′–fermions which are SU(2)R–doublets.
This is important for their decay modes.
(3) Note (from (19) and (28)) that the pair U1 and D1 are nearly de-
generate to within about 10-30 GeV, so also the pair N1 and E1, and to
a lesser extent the pair N2 and E2. But the (U1, D1) pair is substantially
heavier, by about a few hundred GeV, than the pair (U2, D2). Similarly the
(N1, E1) pair is heavier by about 100 GeV than the pair (N2, E2). This is
because the (U1, D1) and also the (N1, E1) pair receive enhancement due to
SU(2)L–renormalization factor ηL, which is, however, absent for the (U2, D2)
and (N2, E2)–pairs.
The mass–gap between the quark–pairs (U1, D1) versus (U2, D2) is much
larger than that between the leptonic pairs (N1, E1) versus (N2, E2) because
the QCD–enhancement factor ηc ≈ 2.39 multiplies ηL ≈ 1.23 in the case of
quarks, but not for the leptons.
All these qualitative features of the heavy fermion mass spectrum remain
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intact even if the relevant parameters are varied within the range indicated
in eq. (25).
(4) Given this mass–pattern, we see that U1 → D1 + W and likewise
N1 → E1 + W are forbidden kinematically, while decays such as U1 →
D2+W, U1 → U2+Z, D1 → U2+W, D1 → D2+Z and possibly U2 → D2+W
are kinematically allowed.
III. Coupling and Decay Modes of the Heavy
Fermions
In terms of the mixing angles in the heavy sector, the coupling of the W±L
and Z0 to the left–handed as well as the right–handed charged fermions can
be written down. We list them in Tables 1-5 presented below.
Table. 1. The coupling ofW±L to the left–chiral quarks of the τ and the two
vector–like families. An overall factor (g/
√
2)γµ is not displayed, but should
be understood.
tL U1L U 2L
bL 1− (κ2u + κ2d)/(2κ2λ) −(κu/κλ)sinθU (κu/κλ)cosθU
D1L −(κd/κλ)sinθD cosθUcosθD sinθUcosθD
D2L (κd/κλ)cosθD cosθU sinθD sinθU sinθD
Table. 2. The coupling of W±L to the right–chiral quarks of the tau and the
vector–like families. An overall factor (g/
√
2)γµ is not displayed.
tR U 1R U 2R
bR κuκd/(κ
2
λη
2
L) −(κd/κληL)cosθU −(κd/κληL)sinθU
D1R −(κu/κληL)cosθD cosθUcosθD sinθUcosθD
D2R −(κr/κλ)sinθD cosθU sinθD sinθU sinθD
Table. 3. The coupling of Z0 to the left–chiral quarks and charged leptons
collectively denoted by qf and Qf , respectively, where i = 1, 2, f =up, down,
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charged lepton. An overall factor −(g/cosθW )γµ is not displayed. Here T3 =
(1/2,−1/2,−1/2) and Q = (2/3,−1/3,−1) for f = u, d, l, s2W = sin2θW and
F = U,D,E,N .
qfL Q
f
1L Q
f
2L
qfL T3(1− κ2f/κ2λ)−Qs2W −T3(κf/κλ)sinθF T3(κf/κλ)cosθF
Qf1L −T3(κf/κλ)sinθF T3cos2θF −Qs2W T3cosθF sinθF
Qf2L T3(κf/κλ)cosθF T3cosθF sinθF T3sin
2θF −Qs2W
Table. 4. The coupling of Z0 to the right–chiral quarks and charged leptons
with the same notation as in Table 3.
qfR Q
f
1R Q
f
2R
qfR T3(κ
2
f/κ
2
λη
2
L)−Qs2W −T3(κf/κληL)cosθF −T3(κf/κλ)sinθF
Qf1R −T3(κf/κληL)cosθF T3cos2θF −Qs2W T3cosθF sinθF
Qf2R −T3(κf/κλ)sinθF T3cosθF sinθF T3sin2θF −Qs2W
Table. 5. The coupling of Z0 to the left–chiral neutral leptons. Notation
same as in Table 3. The overall factor (−g/cosθW )γµ is not displayed.
ντL N 1L N2L
ντL 1− s21s22 s1s2(c1c3s2 − c2s3) −s1s2(c2c3 + c1s2s3)
N1L s1s2(c1c3s2 − c2s3) 1− (c1c3s2 − c2s3)2 (c1c3s2 − c2s3)(c2c3 + c1s2s3)
N2L −s1s2(c2c3 + c1s2s3) (c1c3s2 − c2s3)(c2c3 + c1s2s3) 1− (c2c3 + c1s2s3)2
The coupling of W+L to the left–handed charged lepton currents take the
following form:
νττL : 1− κ
2
u + κ
2
d
2κ2λ
ντE1L : −κd
κλ
sinθE
ντE2L :
κd
κλ
cosθE
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N 1LτL : c3s1 − (c2c3 + s2s3) κl
κλ
N1LE1L : c3s1
(
κl
κλ
cosθE − κd
κλ
sinθE
)
+ (c1c2c3 + s2s3)
(
cosθE(1− κ
2
l
2κ2λ
) + sinθE
κlκd
2κ2λ
)
N1LE2L : c3s1(
κl
κλ
sinθE +
κd
κλ
cosθE) + (c1c2c3 + s2s3)
(
sinθE(1− κ
2
l
2κ2λ
)− cosθE κlκd
2κ2λ
)
N 2LτL : −s1s3 − (−c1c2s3 + c3s2) κl
κλ
N2LE1L : −s1s3( κl
κλ
cosθE − κd
κλ
sinθE) + (−c1c2s3 + c3s2)
(
cosθE(1− κ
2
l
2κ2λ
) + sinθE
κlκd
2κ2λ
)
N2LE2L : −s1s3( κl
κλ
sinθE +
κd
κλ
cosθE) + (−c1c2s3 + c3s2)
(
sinθE(1− κ
2
l
2κ2λ
)− cosθE κlκd
2κ2λ
)
(30)
Using Tables 1-5 and the mixing angles listed, the following pattern of
decay modes for the heavy fermions emerge (Table 6). We list all dominant
modes and only some suppressed or forbidden ones. The reason for suppres-
sion or dominance of a mode can be inferred by looking at the third column.
Rates which are proportional to sin2θD and/or (κd/κλ)
2 are suppressed.
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Table. 6. Pattern of heavy fermion decay modes. We have approximated
the leptonic mixing angles θ1,2,3 of Eq. (24) by keeping only the lowest order
terms in κl/κλ and κu/κl.
Particle Decay Modes Rate (∝) Comment
U1 → D1 +W+ Kin. Forbidden
→ D2 +W+ (cosθU sinθD)2 Suppressed
→ U2 + Z (cosθU sinθU )2 Dominant
→ tL + Z ((κu/2κλ)sinθU )2 Appreciable
→ tR + Z ((κu/2κληL)cosθU)2 Appreciable
U2 → D1 +W+ Kin. Forbidden
→ bL +W+ ((κu/κλ)cosθU )2 Dominant
→ tL + Z ((κu/2κλ)cosθU)2 Appreciable
→ tR + Z ((κu/2κλ)sinθU )2 Appreciable
D1 → U2 +W− (sinθUcosθD)2 Dominant-1
→ tL +W− ((κd/κλ)sinθD)2 Highly suppressed
→ tR +W− ((κu/κληL)cosθD)2 Dominant-2
D2 → tL +W− ((κd/κλ)cosθD)2 Suppressed
→ tR +W− ((κr/κλ)sinθD)2 Dominant
→ bL + Z ((κd/2κλ)cosθD)2 Suppressed
→ bR + Z ((κd/2κλ)sinθD)2 Suppressed
N1 → E1 +W Kin. Forbidden
→ E2L +W (κlκd/κ2λ(ηL − 1))2 Highly suppressed
→ N2L + Z (κuκl/(2κ2λ))2 Phase space supp.
→ N2R + Z ((1/2)cosθUsinθU)2 Phase space supp.
→ ντ + Z ((κu/κλ)(κ3u/κ3l − κuκl/2κ2λ))2 Dominant
→ τL +W (κl/κλ)2 Dominant
N2 → E1 +W Kin. Forbidden
→ τL +W (κu/κλ)2 Dominant
→ ντ + Z (κu/κλ)2 Dominant
E1 → τR + Z ((κd/2κληL)cosθE)2 Supp. rate, but dom. mode
→ τL + Z ((κd/2κλ)sinθE)2 Doubly suppr.
E2 → ντ +W ((κd/κλ)cosθE)2 Suppr. rate but dom. mode
→ τL + Z ((κd/2κλ)cosθE)2 Same
→ τR + Z ((κd/2κλ)sinθE)2 Highly suppr.
In above, it is to be understood that for modes, where chirality is not
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shown (e.g., U1 → D1 +W+), either chirality has the same amplitude. It
is interesting to note, however, that there are modes for which there is a
strong preference for either the left or the right chirality. For example, D1 →
tL +W
− is highly suppressed, but D1 → tR +W− would have appreciable
branching ratio. Likewise, D2 → tR +W− is dominant, but D2 → tL +W−
is suppressed. Furthermore, E1 → τR + Z is dominant but E1 → τL + Z is
suppressed, while E2 → τL + Z is dominant and E2 → τR + Z is suppressed.
Such interesting decay patterns and the correlation with chirality are clearly
features that are intimately tied as much to the nature of the gauge couplings
of the canonical fields QL,R and Q
′
L,R as to the nature of the fermion mass–
matrix given by (2) and (3). In this sense, they are truly distinguishing
features of the model.
IV. Production and Signals
Production of the heavy quarks in pairs by hadronic colliders at SSC and
LHC energies has been studied in a number of papers [14]. These studies
typically yield production cross sections at
√
s = 40 TeV as follows:
Table. 7. Heavy quark pair production cross section at
√
s = 40 TeV for
UU . The cross section σ listed is in nb.
mU 3 TeV 2.4 TeV 2 TeV 1.5 TeV 1 TeV 500 GeV
σ(pp→ UU) 2× 10−6 10−5 5× 10−5 3× 10−4 2.5× 10−3 5× 10−2
Assuming that a future version of the SSC will be built one day in the near
future, the production cross section noted above would lead to about 2.5×104
events per year for mU = 1 TeV , with a luminosity of 10
33cm−2s−1.
We now consider the likely signals of pair production of such heavy quarks
by considering their expected decay modes.
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(1)
pp, pp → U1 + U 1
U1 → U2 + Z; (U2 → {b+W, or, t+ Z}; t→ b+W )
U 1 → U 2 + Z; U 2 → ({b+W, or, t+ Z}; t→ b+W}) (31)
Thus
(pp, pp)→ U1 + U 1 → 2Z + 2W + bb (32a)
or → 4Z + 2W + bb (32b)
or → 3Z + 2W + bb (32c)
(2)
pp, pp → U2 + U2
U2 → {b+W, or, t+ Z}; t→ b+W
U 2 → {b+W, or, t+ Z}; t→ b+W (33)
Thus,
(pp, pp)→ U2 + U 2 → 2W + bb (34a)
or → 2W + 2Z + bb (34b)
or → 2W + Z + bb (34c)
(3)
pp, pp → D1 +D1
D1 → {U2 +W−, or, t +W−}; t→ b+W
D1 → {U2 +W, or, t+W}; t→ b+W (35)
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Thus noting signals for U2U2 in (33), we expect
(pp, pp)→ D1D1 → 4W + bb (36a)
or → 4W + 2Z + bb (36b)
or → 4W + Z + bb (36c)
(4)
(pp, pp) → D2 +D2
D2 → t+W, or t→ b+W
D2 → t+W, or, t→ b+W (37)
(pp, pp) → D2D2 → 4W + bb (38)
Before discussing the signals for heavy lepton pair–production, we see
already from (31-38) that pair–production of the heavy quarks of the model
would lead to distinctive signatures – such as production of 4Z+W+W−+bb
– which would not be confused first of all with the background expected
from the standard model involving the three families and the Higgs boson
and second with the signals expected from pair–production of some general
heavy quark belonging, for example, to a standard fourth family.
Heavy lepton pair production in hadronic and leptonic machines will pro-
ceed through virtual photon and Z0–productions. These cross sections have
been studied in Ref [14]. The prominent decay modes of the heavy leptons
are listed in Table [6], from which we arrive at the signals for heavy lepton
production in the model.
(1)
(pp, e+e−)→ N1 +N 1
N1 → {ντ + Z, or, τ +W}; τ → e− + ν
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N 1 → {ντ + Z, or, τ +W}; τ → e+ + ν (39)
pp→ N1N 1 → 2Z + ντ + ντ (40a)
or → 2W + ττ (40b)
or → Z +W + τ + ντ (40c)
(2)
(pp, e+e−) → N2 +N2
N2 → {τ +W, or, ντ + Z} (41)
(pp, e+e−) → {2Z + ντ + ντ ; 2W + τ + τ ;W + Z + τ + ντ} (42)
(3)
(pp, e+e−) → E1 + E1
E1 → τR + Z; E1 → τR + Z
(pp, e+e−) → 2Z + τR + τR (43)
(4)
(pp, e+e−) → E2 + E2
E2 → {ντ +W ; τL + Z}; E2 → {ντ +W ; τL + Z}
→ {2W + ντ + ντ ; 2Z + τL + τL;W + Z + ντ + τL} (44)
Thus N1N1, N2N2 and E2E2 lead essentially to the same signals with
three possible channels, while E1E1 leads only to 2Z + τR + τR. These
may be compared with standard model signals arising from pp, pp, e+e− →
H + Z → ZZZ → τ+τ− + 2Z. One distinction which may not be easy to
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utilize in practice is that the SM would yield τ+τ− with nearly equal left and
right helicities for sin2θW ≃ 1/4 (since JZµ ∝ J3emµ − sin2θW ), whereas the
model discussed here [1-3] yields predominantly τRτR. The other distinction
has to do with expected rates and kinematics.
One additional feature mentioned in Chapter I is that one expects signif-
icant production of a single heavy lepton (N1 or N2) together with ντ in an
e+e− machine of appropriate energy through a virtual Z (see Table 5 and
eqs. (23), (24) and (29) for relevant amplitudes and mixing angles) followed
by the dominant decay of N1 (or N2) into (ντ + Z)→ ντ + e+e−;
e+e− → “Z ′′ → N1 (or N2) + ντL
→ (Z + ντL) + ντL → (e+e−)Z−mass + missing energy (45)
The amplitude for “Z ′′ → N2L+ντL (for example ) is ∼ s1s2 ∼ (1/6 to 1/10)
relative to “Z ′′ → e+e−. Thus the rates for such spectacular signals, charac-
terized by eq. (45) would be appreciable and observable.
V. Vector-Like Fermions in Other Models and
Concluding Remarks
Before concluding we wish to note that vector–like fermions have been intro-
duced in other contexts by several authors [15-18]. The case considered here
[1-3] possesses, however, some distinguishing features as regards the origin
and the nature of the vector–like families compared to those arising in the
context of other works [15-18]. Below we present some of these distinctions.
In Refs. (15) and (16), SU(2)L–singlet vector–like families, which are
in part analogous to our Q′L,R = (U
′, D′, N ′, E ′)L,R, have been introduced
to generate, with the choice of suitable Higgs multiplets and/or discrete
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symmetries, a see–saw like fermion mass–matrix. A second motivation to
introduce vector–like families has been to account for the vanishing of the
strong CP θ–parameter at the tree-level [17]. A related attempt introduces
SU(2)L–doublet vector–like quarks, but not the corresponding leptons and
the analog of SU(2)L–singlet Q
′
L,R, together with an extra U(1)–gauge sym-
metry to arrange so that θ is zero at the tree–level. The similarities and
the differences between the vector–like fermions arising in these models and
those arising in the present case [1-3] are listed below.
(i) First, the vector–like fermions or families are not predicted in any of
these models [15-18] by an apriori theoretical reason, based on some higher
symmetry or other grounds, whereas in the present case, they arise in a
compelling manner as a general consequence of SUSY–compositeness in a
class of SUSY theories based on QCD–like binding force [1-3].
(ii) Second, the masses of the vector–like families, which are SU(2)L×U(1)–
invariant, are not protected by a symmetry in the models of Ref. [15-18].
They could apriori be as large as the grand unification or even Planck scale
and thus inaccessible to future accelerators. By contrast, for the case con-
sidered here, the masses of the vector–like families are protected by the non–
anomalous R symmetry, which is broken by the desired amount only by the
SUSY–breaking metagaugino condensate < λ.λ >. Thus their masses are
protected to the same extent as supersymmetry breaking; both are damped
by the Planck scale and are naturally of order 1 TeV [1,7,3]. This is what
makes them accessible to accelerators.
(iii) Third, invariably the other models, as they stand, contain only SU(2)L–
singlet family [16] or families [15], which are in part analogous to our SU(2)R–
doublet family Q′L,R = (U
′, D′, N ′, E ′)L,R, but none of them [15-18] contain
the analog of our complete SU(2)L–doublet family QL,R = (U,D,N,E)L,R
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together with the SU(2)L–singlet Q
′
L,R. In short, the coupling of the vector–
like fermions to W±L can serve to distinguish between the cases of interest.
Vector–like fermions arise in a more compelling manner for the case of
a 27 of E6, which can arise from the heterotic superstring theory. The 27
splits into (16 + 10 + 1) under SO(10). The 16 contains the standard
model fermions and a (νR)
c. The 1 gives a singlet neutral lepton NL. The
10 contains a (2L, 2R, 1
c) and a (1L, 1R, 6
c) under SU(2)L×SU(2)R×SU(4)c
of SO(10). The (1, 1, 6c) gives a SU(3)c-color triplet of quarks, with charge
−1/3 (B − L = −2/3), and an antitriplet with charge +1/3, which are
singlets of SU(2)L, while the (2,2,1) gives a pair of leptonic SU(2)L–doublets,
which couple vectorially to SU(2)L gauge bosons. These also form a pair of
SU(2)R–doublets. These vector– like leptons differ, of course, from the case
considered here in that they are not accompanied by vector–like quarks to
make a complete family. Furthermore, they couple vectorially to SU(2)L as
well as SU(2)R gauge bosons.
In summary, two vector–like families, not more not less [19], with one
coupling vectorially to WL’s and the other to WR’s (before mass–mixing),
with masses of order 1 TeV, constitute a hall–mark and a crucial prediction
of the SUSY preon model [1-3]. There does not seem to be any other model
including superstring–inspired models of elementary quarks and leptons which
have a good reason to predict two such complete vector–like families with
masses in the TeV range.
To conclude, the simplicity with which the system of three chiral and two
vector–like families lead to the right gross pattern of the inter–family mass–
hierarchy and the fact that the presence of the two vector–like families is
fully compatible with the measurements of the light neutrinos Nν and of the
oblique electroweak parameters incline us to believe that the two vector–like
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families may well exist in TeV region. The observed inter–family mass–
hierarchy appears to be a strong hint in this direction. Establishing their
absence in the TeV–region will clearly exclude a class of preonic theories
which are based on SUSY–QCD type binding force. On the other hand,
their discovery, assuming especially that their decay–pattern conforms with
the one spelt out here, will first of all provide us assurance on the see–saw
origin of the masses of the observed quarks and leptons –i.e., on the validity
of the mass–matrix characterized by eq. (3). At the same time, considering
that no other model seems to have a compelling reason to predict two vector–
like families with with masses in the TeV–range, their discovery will clearly
provide a strong support to the preonic approach. This in turn will provide
the much needed hint as to how the superstring theories make contact with
the low–energy world.
Thus we do hope that not only the LHC will be approved and built in
the near future but that efforts will continue and succeed to build a future
version of the SSC with Ecm ≥ 40 TeV and the NLC e+e− machine with
Ecm ≈ 1 TeV . Without these, some very precious discoveries, including the
ones mentioned above, which are expected to lie around the corner, will never
materialize.
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